Foot injuries are common in athletes. Injuries to the midfoot and, particularly, the Lisfranc joint are less common, but they have a high risk of ending the athlete's season or even career. Lisfranc injuries can be difficult to diagnose, and they often lead to a disastrous outcome when missed. Weight-bearing radiographs of the foot are recommended to confirm the diagnosis, although advanced imaging also may be required. Lisfranc injuries with less than 2 mm of diastasis on weight-bearing radiographs can be treated without weight bearing in a short leg cast or a walking boot for 6 weeks. Lisfranc injuries with more significant displacement or instability require operative intervention. Physicians who evaluate athletic injuries should be vigilant not to miss these injuries. Familiarity with the subtle clinical signs of a Lisfranc injury and knowledge of the basic treatment algorithm will help clinicians manage these injuries successfully.
INTRODUCTION
Foot and ankle injuries are among the most common injuries in athletes, with approximately 16% of all sportsrelated injuries involving the foot. 1 Although less frequent than other injuries, midfoot sprains or Lisfranc joint injuries can be career-ending injuries, and they require prompt diagnosis and appropriate management. On-field diagnosis of Lisfranc injuries is difficult. The athlete often will attempt to ''walk it off,'' and involvement of the athletic trainer or team physician is frequently delayed because the athlete initially underestimates the severity of injury. The goal of this article is to educate clinicians who care for athletes to better recognize and manage Lisfranc joint injuries.
Injury Mechanism
Lisfranc injuries involve a disruption of the osteoligamentous restraints at the tarsal-metatarsal (T-MT) joints and occur most commonly at the base of the first and second metatarsals. Mechanisms leading to a Lisfranc injury can be divided into high-and low-velocity injuries. High-velocity Lisfranc injuries are commonly seen in high-speed motor vehicle accidents. The foot is usually planted on the brake pedal or the floor of the motor vehicle, to break forward motion after impact. Most commonly, the foot gets forced into hyperplantarflexion with either a valgus or varus component. The energy leading to these injuries usually disrupts the osteoligamentous restraints and leads to a dislocation of the Lisfranc joint, resulting in gross instability and, often, neurovascular damage. These injuries have a high risk for compartment syndrome because of soft-tissue swelling and disruption of the dorsalis pedis artery. Although these injuries are commonly seen in trauma centers, Lisfranc injuries in athletes are usually from a low-velocity injury, and they present distinctly differently, with more subtle signs of injury.
Low-velocity injuries to the Lisfranc joint typically follow one of two mechanisms. The first is forced hyperplantarflexion of the midfoot, occurring in athletes using foot straps, such as surfers, windsurfers, and equestrians. Typically, the foot gets trapped in the foot strap and the body falls straight backward, leading to hyperplantarflexion of the foot. This mechanism is, in fact, the classic mechanism of Lisfranc injuries as described by Jacques Lisfranc after observing cavalry men fall off their horses with their foot trapped in the foot strap, dragging the rider alongside the horse. 2 A second mechanism in athletes is described by Shapiro et al, 3 who studied American football players, particularly linemen. A typical mechanism of injury occurs from the lineman's stance during a block, with the foot plantarflexed and the metatarsal-phalangeal joints maximally dorsiflexed while a force is directed down onto the heel (ie, by a falling player or tackle from behind), leading to a hyperplantarflexion injury of the Lisfranc joint ( Fig. 1) . Several other sport-specific mechanisms, all involving hyperplantarflexion of the Lisfranc joint, have been reported, such as sliding into fixed bases (baseball) or landing on a fully plantarflexed foot (parachuting).
Diagnosis
Lisfranc injuries from high-velocity mechanisms are more routinely identified because of excessive swelling, ecchymosis, severe pain, and midfoot instability. However, Lisfranc injuries from low-velocity mechanisms may be more difficult to detect. It is imperative that any athlete who complains about a sprained ankle or foot be thoroughly examined for injury to the Lisfranc joint. Distracting injuries such as ankle injuries or fractures may cause the examiner to miss a subtle midfoot injury. Specific bony landmarks to palpate include the navicular, medial, and middle cuneiforms; the bases of the first through fifth metatarsals; and the space between first and second metatarsals. The stability of the Lisfranc row (T-MT joints 1 through 5) can be assessed by passive pronation and supination of the forefoot. Significant pain with this maneuver, especially at the base of the first and second metatarsals, is suspicious for a Lisfranc injury. Another way to stress the Lisfranc joint is to passively dorsiflex and abduct the forefoot. This puts strain on the medial column and serves as an ''apprehension'' sign if pain is reproduced. A delayed clinical sign is a subtle ecchymosis on the plantar aspect of the midfoot. In more severe low-velocity injuries, there may be gross instability, crepitus, or deformity present. Both feet should be examined if involved in the mechanism (ie, windsurfing, parachuting), and a full neurovascular exam should be performed.
Imaging
Standard radiographs of the foot should always be done with a minimum of three views, including an anteroposterior (A-P), a 30-degree oblique, and a lateral view of the foot.
Weight-bearing views, if tolerated, are strongly recommended and will help accentuate any deformities, especially subtle Lisfranc joint diastasis. The patient should be asked to place equal weight on both feet during the radiograph, because preference to the asymptomatic side could lead to a falsenegative result. Any fracture of the base of the first three metatarsals is very suspicious for an injury at the Lisfranc joint. Small avulsions at the lateral base of the first and medial base of the second metatarsal suggest disruption of the T-MT ligaments and a Lisfranc injury.
Indirect signs of Lisfranc instability also should be assessed. The medial cortex of the second metatarsal should line up perfectly with the medial border of the second cuneiform on an A-P x-ray of the foot (Fig. 2 ). Any displacement of more than 2 mm between the base of the first and second metatarsals should raise suspicion of a Lisfranc injury and should prompt a comparison view with the uninjured foot ( Fig. 3 ). Additionally, the medial cortex of the fourth metatarsal should line up perfectly with the medial border of the cuboid on the 30-degree oblique x-ray of the foot (Fig. 2 ). Finally, on the lateral x-ray of the foot (taken non-weight bearing), there should be no interruption of the dorsal cortical line of the first metatarsal to the medial cuneiform ( Fig. 4) , because any displacement is pathologic ( Fig. 5 ). If the examination is suspicious for a Lisfranc injury and non-weightbearing films are negative, it is imperative to obtain either weight-bearing films or to proceed to advanced imaging or stress views, to rule out the diagnosis.
Magnetic resonance imaging (MRI) may help detect mild Lisfranc sprains with a partial disruption or significant edema visible in the Lisfranc ligament and the surrounding first T-MT joint capsule. Computed tomography scanning may show small, bony avulsions that can be helpful in the diagnosis. The computed tomography scan is more helpful for preoperative planning in severe cases with significant bony comminution. For those patients who present several weeks or months after the injury, a bone scan may show increased uptake at the Lisfranc joint.
Classification
Several classification systems have been described for Lisfranc injuries. 4, 5 Although most of these classification systems are helpful for the radiographic description of highenergy injuries with massive displacement, they are less helpful in the diagnosis of subtle Lisfranc injuries in athletes.
Nunley and Vertullo 6 introduced a useful classification for subtle Lisfranc injuries with minimal or no displacement on weight-bearing films. Nunley and Vertullo used the radiographic appearance of the Lisfranc joint along with three aspects of the patient's exam, including the ability to weight bear, local point-tenderness over the Lisfranc ligament, and tenderness at the medial first T-MT joint space. He established three different stages of Lisfranc injury. Patients with a stage 1 injury were able to bear weight but could not return to play, were locally point tender over the medial aspect of the first T-MT joint, and radiographically showed diastasis ,2 mm between the first and second metatarsals on the A-P weightbearing x-ray of the foot (normal 1-2 mm) but no collapse of FIGURE 1. Injury mechanism as described by Shapiro et al. 3 A direct vertical force, such as from a knee or shoulder, onto the heel of a fully planted and plantar flexed foot can cause hyperplantarflexion and subsequent disruption of the Lisfranc ligament.
the arch as measured by the cuneiform-fifth metatarsal vertical distance on lateral x-ray. Despite normal x-rays, these patients may have a positive bone scan or MRI. Patients with stage 2 injuries had similar physical findings as patients in stage 1 but showed diastasis .2 to 5 mm between the first and second metatarsals on the A-P weight-bearing radiograph of the foot. These injuries show no collapse of the arch on the weightbearing lateral radiograph of the foot despite the first-second T-MT instability. Patients with a stage 3 injury presented with diastasis .2 to 5 mm between the first and second metatarsals on the A-P weight-bearing radiograph and an additional collapse of the longitudinal arch as documented by an interruption of the dorsal cortical line from the dorsum of the first metatarsal to the medial cuneiform ( Figs. 3 and 4 ) on a lateral weight-bearing radiograph of the foot.
Nonoperative Treatment of Lisfranc Injuries
A stage 1 Lisfranc injury with ,2 mm diastasis (absolute measurement, not side to side) between the base of the first and second metatarsals is considered functionally stable and can be treated nonoperatively ( Table 1 ). The recommendations range from immediate weight bearing in an orthotic with arch support 7 to non-weight bearing in a cast for 6 weeks. 6 We recommend a non-weight-bearing cast or cast boot immobilization initially. If nonoperative treatment has been initiated, a follow-up x-ray is recommended after 2 weeks to rule out progression of any diastasis. If the follow-up weightbearing films demonstrate stability at the Lisfranc joint and the patient is clinically nontender after the initial 2 weeks with a non-weight-bearing cast or cast boot treatment, then a return to weight-bearing activities can be initiated as tolerated. An orthotic with a well-molded arch support is recommended for athletic activities for 3 to 4 months after the initial treatment period.
If the patient is still point-tender after 2 weeks of non-weight-bearing immobilization, additional weight-bearing immobilization for 4 weeks using a cast boot or custom-molded ankle-foot orthosis is warranted. 6 
Operative Treatment of Lisfranc Injuries
Patients with displacement .2 mm at the Lisfranc joint or with fractures (stages 2 or 3) should undergo operative treatment. Intraoperatively, if the Lisfranc joint can be anatomically reduced under fluoroscopy, it may be amenable to percutaneous screw placement. If a perfect reduction cannot be obtained, open reduction and internal fixation should be performed. Postoperative treatment usually involves a nonweight-bearing cast or cast boot for a minimum of 8 weeks. Between 8 and 12 weeks, partial weight bearing is allowed. After 3 months, the patient progresses to full weight bearing and should be placed in a custom-molded orthosis. Hardware removal may be required in athletes at 12 to 16 weeks after surgery in athletes who weigh ,200 pounds and after 24 weeks in athletes who weigh .200 pounds. In nonathletes, the screws may be left in place. Additional wires in the fourth and fifth metatarsals need to be removed between 8 and 12 weeks after surgery. 6 
Outcome of Lisfranc Injuries in Athletes
Three studies have described outcomes in athletes with Lisfranc injuries. Overall, simple Lisfranc sprains (Nunley stage 1) do well with nonoperative treatment, with excellent results and successful return to activities, although the length of cast treatment and immobilization varies. 3, 6, 7 Meyer et al 7 report retrospectively on 23 patients with midfoot sprains that were treated with a wide range of nonoperative protocols, ranging from weight bearing as tolerated to immobilization in a cast with non-weight bearing. Shapiro et al 3 have shown in nine patients that nonoperative treatment with cast immobilization was successful, and Nunley and Vertullo 6 report on 12 patients with stage 1 injuries who had excellent functional outcomes after nonoperative treatment and cast immobilization for 6 weeks and then a custom-molded orthosis with arch support.
The critical step is the differentiation between stage 1 and stage 2 injuries. Meyer et al 7 report a subset of three patients with subtle instability and a diastasis .2 mm on weight-bearing radiographs, with two patients having prolonged recoveries and one patient developing significant midfoot pain with activity. Shapiro et al 3 describe one patient with a diastasis of 5 mm who had prolonged symptoms and who subsequently underwent operative treatment. Nunley and Vertullo 6 report poor results of conservative management of two patients with diastases of 3 mm. 6 Curtis et al 8 and Davies and Saxby 9 also report failures and inferior results with nonoperative management in athletes with minimal Lisfranc instability. Several reports of the treatment of displaced traumatic nonathletic Lisfranc injuries also show inferior outcomes of nonoperative treatment of displaced Lisfranc injuries. [10] [11] [12] 
CONCLUSION
Lisfranc injuries in athletes can be subtle and can lead to poor long-term outcomes if not recognized. The typical mechanism of injury in athletes is a hyperplantarflexion injury to the Lisfranc joint. Exam findings include tenderness at the base of the first or second metatarsals or medial and middle cuneiforms; pain or instability with rotational stress of the forefoot; swelling; and ecchymosis. Diagnosis is confirmed by weight-bearing radiographs or by MRI if x-rays are negative. A mild (stage 1) Lisfranc joint sprain defined as diastasis ,2 mm between the first and second metatarsals on weightbearing x-rays can be treated nonoperatively with nonweight-bearing immobilization for 4 to 6 weeks and then weight-bearing x-rays repeated 2 weeks after the initial injury to rule out progression of the injury. Diastasis .2 mm between the first and second metatarsals, gross instability, or fractures of the Lisfranc joint should be referred for surgical reduction and stabilization. 
